‘%\ é % % iﬁﬁ Sep. 20, 2016, 43(9): 1902—-1917

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.151074

ERERFAIXTEESIEPHNEIN B ST

THE BETT ESBEY BHY fAES PR
A BREE KM xS
(1. ) 100083)

@. () 100083)
3. 100029)

W OE: [B6)] ALRBAEERXTOAIK, 2HRAMEGTFHA L TR, 1R
AT KR LR B E— R LR ELREBER . BT, HTHEAL
REZEMREMGOAE S0, SFRSZRALRELING T OMEYERIITHAR. [Fik]
FRASTAEMFEF %k, 3@ EHSFHFEBSME Y 16S rRNA LB A=A @89 1TS /£ 7] i
AT PCR ¥73%, StoalME A R E, @A R REIERITZARLT FoWf % HK
oo, [4R]) 2H3NELEFFHA K7 95 B T A+ B (Crenarchaeota) = - + B
(Euryarchaeota) AN 1T, EAT0% & &5 9] £ 4069 29.0%A= 71.0%; HFPRFRAITR O
Groupl .3b/MCG-A X —Fr KA, EHFEHF | F T &4 29.0%, JFHTT0E4F LA,

H F Methanomicrobiales & 7| £ & & F%[& L& F AT & b 6)48 5 (52.0%); o BAck, *LEHE
+ @A H £ B @45 Groupl.3b/MCG-A. Methanomicrobiales #= Methanosaetaceae, iLJZ & 694k %
KA 8.3 Groupl.3b/MCG-A #= Methanomicrobiales P, M+ H EA L ZOHRFEXBHERA
Methanomicrobiales X —#F £ & ., @@ 57|40 BT 10 NEE, H LB (Actinobacteria). 5
£t i (Firmicutes) 5 % # & (Proteobacteria) 4 3| d £ Z-#) M #H K&, o5 & k55 & 54
28.9%. 16.9%F 12.1%; HEHh LEFHE, @E 9L F LB A Proteobacteria #2 Firmicutes, /&
FEEBEEEALE, MEAMRH LB EIE Actinobacteria —FFEA . PTH AR FIIHETT
4 1 I'1(Ascomycota)f=32 5 # '] (Basidiomycota), 4% & 5% /5 7] & 4069 75.3%A 24.7%; T %
& vA Cladosporium sp.f= Pseudeurotium bakeri # £Z 94k % £ 8, 12-F A Dioszegia sp. 4 £
B RBRBE, T GBI H 35.5%. 34.4%F% 22.6%; AW A LEDEGRYEBER O
Pseudeurotium bakeri iX —#F £ &, M £ % LT E 5 A L &, ARAKH LA N €.45 Dioszegia sp.
#m Cladosporium sp.# %, [4#] 3@ AL LEH. WAL AH SHERS, AL7

Foundation item: Funds of Oil and Gas Survey, China Geological Survey (No. GZH201400308); Fundamental
Research Funds for the Central Universities (No. 2011PY0195)
*Corresponding authors: WEI Shi-Ping: Tel: 86-10-82332449; E-mail: weishiping@cugb.edu.cn
SU Xin: E-mail: xsu@cugb.edu.cn
Received: December 31, 2015; Accepted: March 22, 2016; Published online (www.cnki.net): April 18, 2016
E&E&mMA: (No. GZH201400308)
(No. 2011PY0195)
HEIAEE: Tel 86-10-82332449 E-mail weishiping@cugb.edu.cn

E-mail xsu@cugb.edu.cn
Yets HER: 2015-12-31 #EFHER: 2016-03-22 HiEF H A B #(www.cnki.net): 2016-04-18



1903

HEh kLR AR EF AR,
XA FRSR, ALRX, EHE, MENSH L SHEK, AEHE

Distribution and diversity of microbial community along a vertical
permafrost profile, Qinghai-Tibetan Plateau
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Abstract: [Objective] Permafrost stores massive amounts of organic carbon, accompanying the
thawing permafrost expected to result from the climate change, microbial decomposition of the
organic carbon stored in permafrost acts as the positive feedbacks to aggravate the global greenhouse
effect. In this study, to understand the distribution and diversity of microbes in the permafrost, the
microbial compositions along a stratigraphic permafrost soil profile were studied from the
Qinghai-Tibetan Plateau. [Methods] The molecular biology methods were used to amplify the
archaeal and bacterial 16S rRNA genes and the fungal ITS sequences, and then constructed their
gene clone libraries, respectively. Phylogenetic analyses of the sequences based on those sequence
similarity were carried out and the community diversity index was calculated. [Results] Phylogenic
analysis of the archaeal 16S rRNA gene clone library revealed that all the archaeal sequences were
affiliated to two phyla, Crenarchaeota and Euryarchaeota, which comprise 29.0% and 71.0% of the
total clone sequences, respectively; Crenarchacota was classified into only one lineage,
Groupl.3b/MCG-A, which accounted for 29.0% of archaeal clone sequences, and Euryarchaeota was
classified into four lineages, of which Methanomicrobiales (52.0%) was the predominant group in the
phylum of Euryarchaeota. In the active layer of permafrost, Group1.3b/MCG-A Methanomicrobiales

and Methanosaetaceae were the predominant groups in the archaeal clore sequences; In the transition
layer, The predominant groups belong to Groupl.3b/MCG-A and Methanomicrobiales; In the
permafrost layer, Methanomicrobiales was the only predominant lineage. The retrieved bacterial 16S
rRNA gene sequences were classified into ten lineages, of which Actinobacteria, Firmicutes and
Proteobacteria were the predominant groups, accounting for 28.9%, 16.9% and 12.1% of bacterial
clone sequences, respectively. In the active layer, the predominant groups of bacterial belong to
Proteobacteria and Firmicutes, the transition layer and the permafrost layer are relatively similar on
bacterial composition, the predominant groups of bacterial were affiliated to Actinobacteria. All the
fungal ITS sequences were affiliated to two phyla, Ascomycota and Basidiomycota, which comprise
75.3% and 24.7% of the total ITS sequences, respectively. Cladosporium sp. and Pseudeurotium
bakeri were the predominant lineages affiliated to Ascomycota, while Dioszegia sp. was the
predominant lineage affiliated to Basidiomycota, accounting for 35.5%, 34.4% and 22.6% of fungal
ITS sequences, respectively. In the active layer of permafrost, Pseudeurotium bakeri was the only
predominant lineage in the fungal sequences. In the transition layer and the permafrost layer, the
predominant groups belong to Dioszegia sp. and Cladosporium sp.. [Conclusion] The permafrost
soil has high diversities of the archaeal, the bacterial and the fungal communities along the vertical
soil profile. The microbial composition and distribution between the active layer and the permafrost
layer were different significantly.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1904 AEY) 4R Microbiol. China

2016, Vol.43, No.9

Keywords: Qinghai-Tibetan Plateau, Permafrost zone, Vertical soil profile, Microbial distribution

and diversity, Ecological effect

26° 84°
[1] 26% [2-3]
[4]
(1 672 Pg)
50% (650 Pg) (730 Pg)
[5-6]
[7]
6%
20%
[9-10]
[7,11]
[12]
(Euryarchaeota)  61% (Crenarchaeota)
39%!!
(Actinobacteria) (Proteobacteria)
(Acidobacteria)

(Gemmatimonadetes)!'*!

2.3x10°-1.2x10® cells/g!"!

(Ascomycota)
(Basidiomycota) OTUs
16.1%  83.9%!®
[17-18]
[19]
CH, [20]
[17]
[17-18,20]
[20]
4 000 m
1.5x10° km?
69.77%2!-2
42 (23]

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn

DNA



1905

CH, 0.7-1.0 Tg"*"
1 eSS
1.1 XSk 5EmRE
DP-14
38°06'08.32"
99°10'43.88" 4017 m
(2512008

33 ER]

DK-1 DK-2 DK-3 DK-7 DK-8

133 m—396 m (25-26]
~1.5-2.4 °C?"

02 m-0.6m 60 m—95 m*¥

2014 11

40 cm 25-30 65-70
105-110 cm 3
DP-14-1 DP-14-2 DP-14-3 DP-14-1
DP-14-2 DP-14-3
DP-14-2
50 mL
20 °C
1.2 FERFIFNE
FastDNA® SPIN Kit for Soil MP

Biomedicals DNA

AxyPrep pGEM-T Easy Vector System
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NanoDrop 1000 Thermo
Fisher Scientific pH PB-10 Sartorius
5417R Eppendorf
Multi N/C2100s
Analytikjena Agilent 7890A
Agilent Mastersize 2000
Malvern ABI 7500 PCR
Applied Biosystems
1.3 TEHFGSINE
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20¢g 5.0 mL
15 mL pH
pH 50 g
105 °C 24h
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DNA 100 uL

DNA

1.5 PCR¥EE5METEXE

PCR 10xPCR
buffer 2.5 uL. dNTPs mixture 2.0 uL. 10 umol/L PCR
forward primer 1.0 uL. 10 pmol/L PCR reverse primer
1.0 uL  20.0 g/L Bovine serum albumin solution
1.0 uL. rTag DNA polymerase 0.5 u. DNA
1.0 uL  ddH,0O 16.0 uL. 25.0 uL PCR

129331 pcR
1%
PCR DNA
PCR

pGEM-T Easy Vector

4.0°C Escherichia coli IM109
1.0 mL SOC
37°C 150 r/min 1h
X-Gal IPTG LB (LB
16 g 500 mL 0.05¢g

X-Gal ImL IPTG 0.5 mL) 37.0 °C

1.6 RERENNEEZHEMEST
LB
37°C 150 r/min
Kit DNA 109F
27F T7
16S rRNA

Axygen Plasmid Mini

16S rRNA ITS
Sequencer 4.8 (Gene codes corporation US)
BioEdit ClustalW
multiple alignment
DOTUR 97%
(Operational taxonomic unit)
NCBI GenBank

(Basic local alignment search tool)

OTU
OTU
BLAST

OTU
Neighbor-Joining
C=1—(n/N)

MEGA 4

F1 HESIMERNERF

Table 1 Oligonucleotide primers and reaction process used in this study

PCR
Primer Domain Sequences (5'—3") Target genes  Application PCR amp lli?::etiszn LA Reference
109F/958R  Archaea ACKGCTCAGTAACACGT/YCCG  16S rRNA PCR 95°C 7min 94 °C 30 s [29]
GCGTTGAMTCCAATT 54°C30s 72°C 1.5 min
(38 cycle) 72 °C 10 min
27F/1492R  Bacteria AGAGTTTGATCCTGGCTCAG/ 16S rRNA PCR 95°C 7min 94 °C 30 s [30]

GGTTACCTTGTTACGACTT

ITS1F/ITS4 Fungi
TCCTCCGCTTATTGATATGC

349F/806R  Archaea GYGCASCAGKCGMGAAW/

GGACTACVSGGGTATCTAAT

338F/518R  Bacteria ACTCCTACGGGAGGCAGCAG/

ATTACCGCGGCTGCTGG

ITSIF/ITS4 Fungi
TCCTCCGCTTATTGATATGC

CTTGGTCATTTAGACGAAGTAA/ ITS

CTTGGTCATTTAGACGAAGTAA/ ITS

55°C30s 72°C 1.5 min
38 cycle 72 °C 10min
PCR 94 °C 5min 94 °C 30 s [31]
57°C30s 72°C 1.0 min
(38 cycle) 72 °C 15 min

16S rRNA qPCR 95°C30s 95°CS5s [32]
(40 cycle) 60°C34s

16S rRNA qPCR 95°C30s 95°CS5s [33]
(40 cycle) 60°C34s

qPCR 95°C30s 95°CS5s [31]

(40 cycle) 60°C34s
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10 uL 10 pmol/L PCR forward primer 0.4 pL
10 pumol/L PCR reverse primer 0.4 pL. 50xROX
reference dye II 0.4 pL DNA 1.0 pL
(40.0 ng/uL) ddH,O 7.8 uL PCR
SYBR Premix ExTaq
PCR
PCR
16S rRNA 16S rRNA
ITS Bel 10

10 10° 10° 10" 10® 10’ copies/uL

(R>0.99) gPCR 95°C30s 95 °C
55 ( 40 ) 60°C34s 60 °C
3

1.8 DNA F%#) GenBank B F S

OTU GenBank 16S
rRNA KT265194-KT265200
16S rRNA
KT265201-KT265221 ITS

KT265184-KT265193

2 BR50W
21 HFIHSRIBFHE

-5.33 °C ~8.12 °C

~3.48 °C pH
5.60-6.17
(72.03%)
(59.09%)

(TOC)

(7.52% 10.90%) TOC
20.08%

7.81£1.22 nmol/g
206.43+17.46 nmol/g

« 2
(26.48%-36.00%)
(14.04%-16.43%)

22 HEMSHESEEAMR

(49.49%—59.42%)

16S rRNA
100 7  OTUs
6 OTUs 4
OTUs 5 OTUs
96.8%—-97.1% Shannon Simpson
0.96-1.53  0.25-0.54

*2 SFEXHEATRRELIEENLSE

Table 2 Physiochemical properties of soil samples at different depths

Depth (cm) Temperature (°C) pH Water content (%) TOC (%) CH4 (nmol/g)  Sand (%)  Silt (%)  Clay (%)
25-30 —5.33 5.74 59.09 20.08 7.81£1.22 26.48 59.42 14.11
65-70 —6.52 5.60 18.70 7.52 13.90+2.41 33.56 50.01 16.43

105-110 -8.12 6.17 72.03 10.09 206.43+17.46 36.00 49.96 14.04
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OTU1 OTU2 Methanomicrobiales

PCR OTU1
37.1% 71.8% OTU2
(1.81£0.41)x107—(2.44+0.21)x10’ (3.1%) OTU2
( 3 ( 2 Methanosactaceae
16S rRNA OTU3 (25.7%) OTU1
(Crenarchaeota) OTUS OTU6

(Euryarchaeota) Methanobacteriaceae
29.0% 71.0% Group1.3b/MCG-A OTUS
Groupl.3b/MCG-A 29 OTU6

29.0% (45.5%)

71 4 2.3 PEMSHEESRTEEN

Methanomicrobiales Methanosarcinaceae 16S rRNA

Methanosaetaceae Methanobacteriaceae

520% 5.0%  9.0% 83 21  OTUs
5.0%( 1) 11 OTUs 12
2 OTUs 5  OTUs
85.7%-96.5% Shannon Simpson
71.5%  28.5% 1.21-2.43  0.10-0.39
(93.7%)
6.3% PCR
(1.87+0.24)x10*~
48.5%  51.5% OTU (4.56+0.43)x10° ( 3)

*3 ERREXEFIESSRITSH

Table 3 Sequencing information and statistical analyses of gene clone libraries

OTU Shannon Simpson Nolofe

Domain  Depth (cm) No. of sequences No. of OTUs Coverage (%) index index (Xol' (;)7 /;(;215)8
Archaea 25-30 35 6 97.1 1.53 0.25 2.44+0.21
65-70 33 4 96.9 0.99 0.42 2.26+0.23
105-110 32 5 96.8 0.96 0.54 1.81+0.41
Bacteria 25-30 28 11 85.7 2.23 0.13 45.6+4.30
65-70 26 12 92.3 2.43 0.10 19.2+2.00
105-110 29 5 96.5 1.21 0.39 18.7+2.40
Fungi 25-30 26 2 96.2 0.16 0.93 1.64+0.10
65-70 35 7 94.3 1.58 0.25 1.3540.21
105-110 32 6 93.8 1.31 0.27 1.67+0.41
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E1 F@sRFLEHEIEPEE 16S rRNA REFIIRFELEH
Figure 1 Phylogenetic tree of archaeal 16S rRNA gene sequences from a stratigraphic soil profile in the Qinghai-Tibetan
Plateau
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A-1 A-2 A-3
(>50%) 100 5
Note: A-1, A-2 and A-3 represent the active layer, the transition layer and the permafrost layer, respectively; The accession number is shown

in parenthesis; Numbers at the branch points indicated the bootstrap values (>50%); The scale bar corresponds to 0.05 substitutions per
nucleotide position.
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6.0% ™~ oTUs 63%\
9.4%
OTU4 |
\ 9.4%\/
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I Methanomicrobiales MMl Methanosartaceac Methanosarcinaceae Groupl.3b/MCG-A
Il Methanobacteriaceae
2 DP-14 BHHAREREHE OTU S4fE
Figure 2 Relative abundance and distribution of each archaeal OTU along the soil profile of DP-14
A B C
Note: A, B and C represent the active layer, the transition layer and the permafrost layer, respectively.
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Figure 3 Phylogenetic tree of bacterial 16S rRNA gene sequences from a stratigraphic soil profile in the Qinghai-Tibetan
Plateau
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Note: B-1, B-2 and B-3 represent the active layer, the transition layer and the permafrost layer, respectively; The accession number is shown
in parenthesis; Numbers at the branch points indicated the bootstrap values (>50%); The scale bar corresponds to 0.02 substitutions per
nucleotide position.
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Figure 4 Relative abundance and distribution of each bacterial OTU along the soil profile of DP-14
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Note: A, B and C represent the active layer, the transition layer and the permaftost layer, respectively.
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Figure 6 Relative abundance and distribution of each fungal OTU along the soil profile of DP-14
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Note: A, B and C represent the active layer, the transition layer and the permafrost layer, respectively.
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